An analytical method was developed to measure 4-aminopyridine in tissues and urine to determine appropriate diagnostic samples in acute poisoning cases. Tissues from rats dosed with 4-aminopyridine were extracted with methylene chloride. Extracts were analyzed by high-performance liquid chromatography using an isocratic solvent system of acetonitrile and aqueous solution (15/85 v/v) consisting of 0.015 M sodium salt of 1-heptane-sulfonic acid, 0.002 M tetramethylammonium bromide, and 0.01 M sodium dihydrogen phosphate adjusted to pH 3.0 with phosphoric acid. We concluded that suitable diagnostic samples for acute poisoning cases include stomach contents, kidney, liver, and urine.
In 1963, 4-aminopyridine (4-AP) was developed for feral bird control." The compound is classified as a bird repellant by the manufacturer because, although quite toxic to birds and mammals (LD 50 in rats = 20 mg/ kg), 8 it is lethal to only a small percentage of exposed birds when used at the recommended rate. Birds that ingest the usual corn-based bait become disoriented and distressed, alarming and dispersing the rest of the flock. Following exposure to near lethal doses, initial effects in intoxicated birds are seen in 15 minutes to 4 hours. 4 Tremors and/or convulsions may be accompanied by audible vocalizations produced by forceful, involuntary contractions of the diaphragm. Signs of "panic," which trigger flock dispersal, include initial behavioral changes of a rapid raising of the shoulders and eye blinking, followed by ataxia. Terminal events include prostration and hyperventilation.
Documented field cases of intoxication include a herd of 60 Brahman cattle that was exposed to 4-AP-contaminated water. Thirty animals showed clinical signs of intoxication, and 3 died. 3 Twelve to 24 hours subsequent to exposure, cows frequently passed small amounts of feces and were tenesmic, ataxic, incoordinated, and anorexic. Tremors were observed in some animals, and others showed bizarre behavior of retropulsion with the head lowered and a fixed stare, suggesting hallucinations had occurred. Handling exacerbated this peculiar behavior. Two horses, ingesting a cracked-corn bait containing approximately 0.1% 4-AP, had a rapid onset of apprehension, retropulsion, fluttering of the third eyelid, sweating, and convulsions? Both horses died within 2 hours of onset of clinical signs, 6-8 hours after consuming the bait. The lethal dose was estimated to be 2-3 mg/kg of body weight. Other case reports of 4-AP poisoning described in the literature include incidents involving zoo animals 2 and humans. 9 The use of 4-AP in human medicine to enhance transmission at the neuromuscular junction and other synapses has received considerable attention. This characteristic has been exploited in the treatment of prolonged paralysis induced by antibiotics and muscle relaxants, and in the neuromuscular disorder of Eaton-Lambert syndrome. 9 Because of 4-AP's growing importance, various chromatographic methods have been devised for analysis. 1, [5] [6] [7] 10 In general, most methods are unsuitable for analyzing samples submitted to veterinary medical diagnostic laboratories. The objectives of this study were to develop an improved method of high-performance liquid chromatographic (HPLC) determination for 4-aminopyridine in animal tissues and urine and to determine the most appropriate samples for diagnostic purposes.
Materials and methods
Reagents. The HPLC chromatography solvents, b 4-aminopyridine, b sodium salt of 1-heptane-sulfonic acid, c tetramethylammonium bromide, c and glass-distilled water d were obtained from commercial sources.
Instrumentation. Equipment consisted of dual model 510 pumps e regulated by a model 680 automated gradient controller" with a septumless injector, and a model 990 photodiode array detector. e Postrun data processing provided by microcomputer manipulation of chromatographic data together with spectral analysis of the 4-AP peak slices provided firm evidence for compound identification. Sample chromatograms were compared, based on retention times, with standard 4-AP chromatograms. In addition, the purity of the 4-AP peak from sample extracts was verified by comparing the spectra of peak slices with standards. A 15cm x 4.6mm C 18 column (5 µm particle size f ) was used in conjunction with a C 18 guard column. e Mobile phase. The mobile phase consisted of acetonitrile/ aqueous buffer (15/85 v/v) run isocratically at a flow rate of 1.0 ml/min. The aqueous buffer solution consisted of 0.015 M sodium salt of 1-heptane-sulfonic acid, 0.002 M tetramethylammonium bromide, and 0.01 M sodium dihydrogen phosphate adjusted to pH 3.0 with phosphoric acid.
Tissue preparation. One gram of tissue or stomach contents and 1.0 g potassium carbonate were added to an 80ml blender cup with 20 ml methylene chloride and blended for 1 min. The mixture was then centrifuged at 1,700 x g for 10 min. The organic layer was decanted into an evaporating flask with the addition of 100 µ1 of amyl alcohol. A rotovap g was used to remove the methylene chloride under vacuum at 35 C. Ten milliliters of mobile phase were used to reconstitute the residue. This solution was aspirated into a 10-ml syringe and filtered into a vial using a 0.45-µm filter unit. h Twenty-microliter samples were injected.
Urine preparation. Urine samples were prepared according to described methods. 10 Animals. Fourteen male Sprague-Dawley rats, approximately 8 wk of age and weighing between 250 and 320 g, were obtained from a commercial source. i Two or 4 rats per group were orally gavaged with 4-AP in water at a dosage of 0, 10, 20, 40, and 80 mg/kg body weight. Rats were continuously observed, and those becoming moribund were euthanized in a CO, chamber. Stomach contents, liver, kidney, brain, and urine were collected and frozen at -20 C until analyses were performed.
Results and discussion
Results of the analyses are recorded in Table 1 . Times to death or a moribund state are recorded to aid interpretation and perhaps explain what appear to be discrepancies in the data. Animals from lower dosage groups sometimes had higher concentrations of 4-AP in various tissues and stomach contents. This is best explained by pharmacokinetic and time of death differences. Rats were not fasted prior to dosing, and the presence of varying amounts of food in the stomach would have a considerable impact on absorption rates.
Ray's extraction method 6 reported as 85% efficient for equine stomach contents and baits was approximately 30% efficient for rat tissues based on tissues spiked at 100 µg/g concentration. An emulsion frequently was encountered during the liquid-liquid extraction, thus delaying an already time-consuming method. A modification of a method developed by Uges 10 proved satisfactory, yielding a 71% recovery of 4-AP.
Tailing of the 4-AP peak was a problem using existing chromatographic methods for 4-AP. The basic nature of 4-AP (pKa = 9.11) was assumed to be re- sponsible. Several mobile phases were tried, and 3 were satisfactory in minimizing the peak tailing; however, the majority of the mobile phases resulted in retention times that were not effective in separating 4-AP from interfering compounds prevalent in the void. Because of the relative inefficiency of our extraction method, chromatograms of extracts of liver, kidney, and brain were plagued by interfering peaks. A primary focus of this HPLC method was to eliminate tailing of the peak while separating it from the interfering peaks in the void. Another method 10 was satisfactory in providing high resolution and symmetry of peaks, but the required pH of 9 exceeded acceptable limits for our C l8 column. Use of the mobile phase (acetonitrile/methanal/aqueous ammonium carbonate 61/35/4 by volume) resulted in rapid deterioration of the column. The mobile phase in this study consisted of acetonitrile/aqueous buffer (15/85 v/v) run isocratically at a flow rate of 1.0 ml/minute. The aqueous buffer solution consisted of 0.015 M sodium salt of 1-heptane-sulfonic acid, 0.002 M tetramethylammonium bromide, and 0.01 M sodium dihydrogen phosphate adjusted to pH 3.0 with phosphoric acid. The mobile phase, with an adjusted pH 3, resulted in no detectable degradation of the column during the testing period. Ion-pair chromatography techniques provide good separation of amines without column degradation. 7 An ionized compound that is water soluble is extracted into an organic solvent by using a suitable counter ion to form an ion pair, which behaves as if it is a nonionic polar molecule and is soluble in organic solvents. Separation occurs by partitioning of the neutral ion pair between the mobile phase and the C 18 column. Optimizing the pH of the mobile phase is important because it dictates the concentration of the ionic form of an organic base such as 4-aminopyridine. 7 Using the rat as a test model, we concluded that suitable diagnostic samples for acute poisoning cases included stomach contents, kidney, liver, and urine. A pooled urine sample was used when necessary to obtain adequate material for extraction and detection. This limitation would not be anticipated for larger animals. High concentrations of 4-AP (57 µg/ml) were detected in rat urine within 2 hours of administration. The limited data suggest urine may be useful in diagnostic investigations involving both live and dead animals. Pharmacokinetic studies in humans show that approximately 90% of the dose of 4-AP is excreted in urine within 12 hours and 70% within the first 5 hours.'
Of the rat tissues examined, kidney possessed the highest concentration (2.1-52.0 µg/g), followed by liver (1.7-20.9 µg/g). Ray et al. 6 were unsuccessful in detecting 4-AP in the liver of poisoned horses, however, the dose administered was uncertain. It was suggested that rapid metabolism in the equine liver prevented detection required of 4-AP or that perhaps higher dosages were for detection. Rats dosed with 20-40 mg 4=AP/kg body weight had easily detectable concentrations. Twenty-two micrograms of 4-AP/g of liver were found in 1 rat dosed with 40 mg/kg (2 times the LD 50 ). An attempt was also made to examine concentrations in in brain because much of the activity of 4-AP occurs this organ. The data suggest that brain has less di-agnostic value than other tissues in acute poisoning incidences.
The use of the photodiode array detector with appropriate computer storage and manipulation of data has several advantages over UV detectors for 4-AP testing. Identification of the compound is enhanced by the use of peak slicing and spectral overlay techniques for determination of peak purity. Figure 1 demonstrates this technique using extracts from brain, kidney, liver, and gut contents of a rat dosed at 2 times the LD 50 . Peak slicing also allows the operator to view the spectrum from a particular retention time and overlay a standard and control for comparison. In our case, comparing the maximum absorbance value of 270 nm was particularly valuable. Using this technique and overlaying chromatograms of sample, standard, and tissue blank, the purity and identification of 4-AP was confirmed in the stomach contents, kidney, urine, and liver of lethally dosed rats.
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